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AHHOTaU,HH 

rioKasaHO, HTO COOTBeTCTByiOmilM 06pa30M Bbl6HpaH BXOJXiHHHe B 

raMHjibTOHHaH pejiaTHBHCTCKOii TeopHH rpaBHTai^HH (PTF) npoHSBOjib- 
Hbie 4)yHKH,HH, MOJKHO HOjiyHHTb reHepaTopbi rpynnbi HyaHKape. Hx 
cko6kh ^HpaKa peajiHsyioT ajire6py rpynnbi, b corjiacHH c tbm, hto b 
PTF HMeroTca 10 HHTerpajioB flBHJKeHHS. 



1 BBG^GHHe 

PejiHTHBHCTCKaa TeopH3 rpaBHTaij,HH [1] (PTF), kek hohth Bce xeopHH no- 
jiH, MOJKex 6t.iTb npe;];cTaBjieHa b oGmeKOBapHaHTHOM BRjie. HpocTpaHCTBo- 
BpeM3 Mhhkobckoto 3BjiaeTca b hch He^HHaMHHecKofl CTpyKTypofl, h PTF 
HHBapnaHTHa oTHocHxejibHo rpynnbi IlyanKape. B sToii paGoxe mbi npo;];e- 
MoncTpnpyeM oco6ennocTH KanonnnecKoii peajiH3an;HH rpynnbi IlyanKape b 
PTF, 6jih3ko cjieflya no^xo^y /Inpaxa |2], a xaKJKe Pe^JKe h TenxejibGoH- 
Ma [3]. Mbi nannnaeM c Bbinncjienna cko6kh Ilyaccona (Koxopaa b flannoM 
cjiynae saMenseTca cko6koh JX^paKa) flfijx raMHjibTonnanoB Bn^a 

H{N, N') = J [nH + N'H^) d^x, (1) 

pasjinnaiomnxcii bxo^5Iiu;hmh b nnx nponsBOjibnbiMH (l)ynKii;H5iMH npocxpan- 
CTBennbix Koop^^nnax N{x), N^{x). Corjiacno ^npaxy (cm. xaKace paGoxy 
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TeHxejibGoHMa ^jih oGmeKOBapnaHTHbix Teopnii nojiH ppjiyKHhi Bbinoji- 

HHTbCa COOTHOmeHHH BH^a 



{if(a,a^),if(/3,/3^)} = if(A,A^), 



(2) 



r^e 



A 

A'^ 



(3) 



riocKojiBKy B 3TH cooTHomeHH3 BxojisT Hc TojiBKo napaMeTpbi a, a*, /3, , 
HO H KOHTpaBapHaHTHbie KOMnoHeHTbi MexpHKH 7^^^, TeHxejibGoHM noKaaaji, 
HTo B OTO, r^e HMeexcH e^HHCTBCHHaa MexpHKa npocxpancxBa-BpeMeHH, h 
oHa aBjiHexcH ^HHaMHHecKoli nepeMeHHofl, BejiHHHHBi "H, "Hj ^ojijkhbi Gbixb 

CB5I35IMH. 

HpH HajiHHHH (|)OHOBoro npocxpaHCXBa, h cooxBexcxBeHHO, He^HHaMHHe- 
CKoii MexpHKH B raMHjibxoHHaHe, xpe6yexc3, hxoGbi ona xaxjKe HSMeHajiact, 
KaK npH npeoGpaaoBaHHHx Koop^Hnax na rnnepnoBepxHocxH, xax h npn fl^e- 
4)opMaH;H5ix THHepnoBepxHocxH. 3xo oGbihho ;];ocxHraexc3 BBeflenneM ppnoji- 
HHxejibHbix raMHjibxoHOBbix HepeMeHHbix: (|)yHKH;HH BjioxcenHH e"(t, x*) h co- 
HpjiJKeHHbix K HHM HMHyjibcoB Pa{t,x^). Mhi He 6y;i,eM BBo;];HXb 3XHX Hepe- 
MeHHBix, H HosxoMy HaHia cKoGxa ^jia raMHjibxoHHaHOB, 3aBHcan],Hx ox npo- 
HSBOJiBHbix cJ)yHKH;HH, He 6yflex hojihocxbio coBHa^axb c oxBexoM /^Hpaxa h 
TettxejitGoHMa. TeM ne Menee, mbi cnnxaeM HOJiesHbiM npHBecxn hbhbih ox- 
Bex fljis 3XOH ckoGkh. riepexofl k ysKOMy Kjiaccy npoH3BOJit>Hbix 4)yHKH;HH, 
cooxBexcxByiomeMy ajire6pe HyaHKape, 5y^ex npoBo^nxbCJi na 6a3e Hojiy- 
HeHHoro o6m;ero pesyjibxaxa. 

2 raMHJIbTOHOB c})OpMajIH3M PTF 

3a ^HHaMHHecKHe nepeMeHHtie b PTF Moryx Gbixb Bsaxbi, nanpHMep, 10 
KOMnoHeHx pHMaHOBoii MexpHKH H HOJI3 MaxepHH (s^ecb 3XO 6yflex MaccHB- 
Hoe CKajiapHoe Hojie 6e3 caMo^eflcxBHa). CooxBexcxByronine 10 KOMHonex 

HJIOCKOH MexpHKH MHHKOBCKOrO CHHXaK)XCH HSBeCXHBIMH (|)yHKn;HJIMH KOOp- 

flHHax HpocxpaHcxBa-BpeMeHH. Cocxoanne aa^aexca na Ka>K;i,oH hs o^^nona- 
paMexpHHecKoro (napaMexp t cnnxaexcH BpeMeneM) ceMeflcxBa npocxpan- 
cxBeHHonofloGHbix rHnepnoBepxHocxeit, Koxopaa b cbokj onepe^^b sa^aexca 
HexbipbMa 4)yHKii,HHMH npocxpaHcxBeHHbix (BHyxpeHHHx) KoopflHHax X" = 
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e"(t, X*) H H3 MexpHKH Bbi^ejiiiioTca 6 KOMnoHeHT HHflyii;HpoBaHHOH MexpH- 
KH = g^yC^d'j (a^ecb c^ejiano Tpa/i;Hn;HOHHoe jl] ynpomenne oGosHanenHH: 
TOHHO TaK JKe, KaK B OTO. BHMexpHSM npoaBjiaexcH b bosmojk- 



e" = e 



,1/ ' 



HOCTH no-pasHOMy sanHcaxb raMHjibxoHHaH PTF: 



H 



Nn + N'nAd-^x 



(4) 



NH + N'Hi 
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(5) 



rfle 
iV 



Hi 



+ 



^±2 




i 7 



%-7 ' - 1 



^^7 \ K 2 2 2 



2 i2 



(6) 



Mepxa Hafl BejiHHHHoii oGosHanaeT onpe^ejieHHe stoh BejiHHHHbi na ocHOBe 
pHMaHOBOH MexpHKH, a cooTBeTCTByioin;He BejiHHHHbi 6e3 HepTbi onpe;];ejiH- 
lOTca Ha ocHOBe mctphkh MnHKOBCKoro. KaK Gbijio HOKaaano b pa6oTe 4 
HpoeKn;HH xensopa pHManoBoii MexpHKH b^ojib HopMajiH h coHpajKeHHBie k 
HHM HMHyjibCbi Moryx 6bixb HCKjironeHBi h3 HHCjia nesaBHCHMbix raMHjitxo- 
HOBbix nepeMeHHbix paapemeHHeM cBaaeii 2-ro po^a: 
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H nepexo^oM k cKoGxaM /I,HpaKa, Koxopbie b ^aHHOM cjiynae onpe^ejiaioTca 

(|)OpMyjIOH 



{F, G} = J d'x 

R3 



6F 6G 6F 6G 6F 6G 6F 6G 
- + 



6n^ 5n'-^ 57, 



(9) 



HpH Haxo>K;];eHHH BapHaii;HOHHbix nponsBO^^Hbix no nepeMeHHbiM jij, vr*-' 
raMHjiBTOHHaH GepeTca b Bnj^e , b KaKOM oh 6t>iji nepBOHanajiBHo nojiynen 
B paGoxe [6]. Tor^a 
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A^ib- + A^jii + /^-=(7rij - 7ij 2 )• 



(10) 
(11) 



(12) 

(13) 
(14) 



3 FeHepaTopbi ajireSpbi HyaHKape 

Cpe^H BapnaHTOB raMHjiBXOHOBoii 3BOjiion;HH, pasHooGpasne KOTopbix npo- 
HcxeKaex h3 nponsBOJia b Bt.i6ope (|)yHKn;HH N{x), iV*(x) b co^^epacaxca 
npeoGpasoBaHHH, coxpaHsiiomHe Mexpaxy MnHKOBCKoro. B npHHn;Hne, npn 
Hx paccMoxpeHHH MOJKHo 6bijio 6hi He orpaHHHHBaxb hh Kjiacc npocxpan- 
cxBeHHonofloGnbix rnnepnoBepxHocxefl, hh CHCxeMbi Koop^^nnax na hhx, xpe- 
6ys xojibKo, hxo6l.i BeKxopnbie nojia A^" = dX^/dt 6bijiH hojijimh BCKxopoB 

KHJIJIHHra MexpHKH MHHKOBCKOrO 



/3;a 



0. 



(15) 
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Tor^a 3 + l-pasjiojKeHHe 3thx ypaBHCHHii npHBejio 6t.i nac k (|)opMyjiaM, co- 
flepjKamHM TeH3op BHeniHeii kphbhshm rnnepnoBepxHocTH (no oTHomeHHio 
K njiocKOH MexpHKe). EcjiH JKe orpaHHHHXbca rHnepnjiocKOCTaMH, to 4)op- 
Myjibi ynpomaioTca flp cjie;i,yioiii;ero BH;i,a 

N^ij = 0, iV,|, + Nj\i = 0, (16) 

a ecjiH eme h Koop^HHaxbi BbiGpaxb ;i,eKapxoBt.iMH, xo MexpHxa, nHpyixn- 
poBaHHaH Ha rnnepnjiocKocxHx MexpHKoit Mhhkobckoto Gy^ex npocxeflmeH 
rjij = i]ai3e°'ej = 6ij , a KOBapHaHXHbie npoHSBOflHbie, corjiacoBannbie c neii, 
cxanyx o6t.iHHt.iMH nacxntiMH hpohsbo^hbimh. Anajina 3xoro cjiynaa Bnojine 
^ocxaxonen ^jta Hjijiiocxpati,HH pojiH ajtre6pt.i HyaHKape. Mt.i nojiynaeM na 
rHnepnjiocKocxax 4)yHKti,HH npeo6pa30BaHHH ( !T6|l b bh^c 

N = Akx'' + a, N' = A.kx'' + a\ (17) 



rfle 

A-ik = —Aki. 

Tor^a raMHjibxoHHaH BBH^y ero jiHHeflHocxH no 4)yHKii;HaM N{x), N^{x), 
npHMex BHfl 

H = P^a- P'a' + M^Ak + -M'^A^k, (18) 



r^e 



P° = I (l + /^^) d'x, (19) 

Pi = -— / f^^d^x = - [ -Hid^x, (20) 



K 

2 



K 
.2 



{x'f^'' - x^f^') d^x = J (x'^Ui - x'Uk) d^x, (21) 
M" = -— I x\l + f^^)d^x. (22) 



OGosHanenHH (|)opMyji (fT7|) , f lTSj) BbiGpant.: ^jia y^oGcxBa cpaBnennH c anajio- 
rnnnbiMH (|)opMyjiaMH pa6oxt.i [3], r;i,e paccMaxpnBajiacb ajire6pa IlyanKape 
B acHMnxoxHHecKH njiocKOM npocxpancxBe OTO. 
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4 AjireSpa HyaHKape 



HojieaHo nojiyHHXb ajire6py cko6ok J^npaKa ^jih raMHjibxoHHaHOB o6iri;ero 

BHfla. C BL.IHHCJIHTejIbHOii TOHKH SpeHHJI, npH BblBO^e JflpGnO HCnOJIb30BaTb 

raMHjiBTOHHaH B BH;i,e (IS]), a cb33h 2-ro pofl^a yHHTbiBaxb tojibko nocjie bbi- 

HHCJieHHH CK060K, HTO nOSBOJIHCT npH BblHHCJieHHaX He npHHHMaXb BO BHH- 

MaHHe aaBHCHMocTB N, iV* ot Z"*"^, /"*"*. Kax o6l.ihho, npn pacnexax ot- 
6pact.iBaioTCH Bce noBepxHOCTHbie HHTerpajibi, hto onpaB^^ano xapaxxepoM 
acHMnxoTHHecKoro noBe^eHHa mctphkh b MaccHBHofi rpaBHTan;HH. 

PesyjibxaTbi BbiHHCJieHHH npeflCTaBHM b (|)opMe, yfloGnofl ^jia cpaBHeHHa 
c aHajiorHHHoi! (j3opMyjioH OTO: 



{H{a,a'),H{/3,(3^)} = £x 



(23) 



A'^ = -f>'\aP^^-Ba^e) + a^P'^i-B^a% (24) 

Otjihhhh ot OTO npoaBjiHioTca s^ecb Kax b noHBjieHHH hjichob, nponop- 
ii;HOHajit>Ht>ix KBaflpaTy Maccbi rpaBHTona, xax h b K03(|)(|)Hi];HeHTe npn 
Hocjie^Hee CBasano c xeM, hto K03(|)(|)Hij,HeHT npn T.e. (|)yHKii;H3 iV, npo- 
nopii;HOHajieH y/j. CooTHomeHHH f l23l) . xaKHM o6pa30M, ne npe^cxaBjiHioT 
C060H ajireGpy flecJ)opMaii,HH rnnepnoBepxHocxH (|2]), (|3]), t.k. (|)yHKn;HH N, 
iV* He HBjisioTca ee napaneTpaMH h t.k. mbi ne bkjiiohhjih b cKoGxy nepe- 
MeHHBie e", Pa- 

HoflCTaHOBKa b cooTHomeHHH ( l23l) bmccto npoH3BOJit.Ht.ix cJ)yHKn;HH a, 
a^, P, BbipajKeHHH BH^a ( 1T7|) . oTBenaiomnx npeoGpasoBaHHHM HyaHKape, 
HpHBO^HT K cooTHomeHHiiM ajtre6pt.i HyaHKape: 

{P0,P,} = 0, {Pi,Pj}=0, (25) 
{P0,M^^} = 0, {P,,M^>'} = 5,kP,-5,,Pk, (26) 
{M^^M^^} = 5ikM^^ -6ieM^'' + 6jiM''' -5jkM'^, (27) 
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{P0,M*} = -P\ {P„M^} = -S,j{P''-c'), (28) 



{M^ M'^} = 5kj{M' - d) - 5ki{M^ - c'), {M\ M^} = -M'K (29) 



A^mHTHBHbie BKjia.j\i,i c" = m? / n J d^x h c* = rr? j k J x^d^x b Pq n M\ ne aa- 
BHcamne ot KaHOHHHecKHx nepeMeHHbix h BL.ipa>KaiomHec3 pacxo;i,5iiri;HMHca 
HHTerpajiaMH no BceMy npocTpancTBy, nrpaioT pojib ii,eHTpajii>Ht>ix sapa^^oB 
B KaHOHHHecKOH peajiH3an;HH ajireGpbi HyaHKape h oTBenaioT KjiaccHnecKott 
nepenopMHpoBKe SHepran BaxyyMa. 



5 SaKjnoHGHHe 

C o^HOH CTopoHbi, PTF HBjiaeTCH xeopHeii nojia na cJ^HKcnpoBaHHOM njioc- 
KOM cJ)OHe H nosTOMy K Heii ^ojijkhbi Gbitb npHMenHMti peayjiBTaxBi ^npaxa 
OTHocHxejiBHo napaMeTpH30BaHHL.ix xeopHH nojia. 

C ppyroR CTopoHbi, hsbik PTF 6jih30k asbixy OTO h b KanecTBe raMHjib- 
TOHOBbix nepeMeHHbix b nen Moryx 6biTb Bbi6panbi xe ace caMbie Bejinnnnbi 

B OTO Mbi nojiynaeM ajireGpy ;];e4)opMan;HH rnnepnoBepxHocTn 6e3 bkjiio- 
lenna b nncjio nepeMeHHbix e" h p^- B HapaMexpHaoBanHbix xeopnax nojia 
3XO BKjHonenHe neoGxo^HMO. Mbi ocxanaBjiHBaeMCH b npoMejKyxonnon no- 
3hii;hh - HcnojibsyeM jij, tt*-^ h Mexpnxy MnnKOBCKoro 6e3 e", - n coox- 
BexcxBenno, nojiynaeM cooxnomennH, oxjinnnbie ox ([2]). 3xh cooxnomenHsi 
flocxaxonnbi ^jih nepexo^a ox nnx k ajire6pe HyaHKape. 

PasjinnHH MejK^y PTF n OTO s^ecb BecbMa cymecxBennbi. 

Bo-nepBbix, b OTO Bejinnnnbi "H h "Hj SBjiaioxca cb5I33mh, x.e. o6pa- 
maioxcH B nyjib na pemennax ypaBnennn ^BnacennH. B PTF 3xh Bejinnnnbi 
oxjinnnbi ox nyjia h nanpnMep 'Hi OKasbiBaexca nponopii,HOHajibHOH njioxno- 
cxH HMnyjibca. 

Bo-Bxopbix, B OTO noji3 (Bejinnnnbi Jij — Tiij) yGbmaiox Me;i;jienno, n npn 
Bbinncjiennn ckoGok Flyaccona, cooxBexcxByiomnx ajireGpe FlyanKape, neo6- 
xo;i;hmo coxpanaxb noBepxnocxnbie nnxerpajibi. B PTF Bce noBepxnocxnbie 
nnxerpajibi oxGpacbiBaioxca, x.k. jij — rjij yGbiBaiox Gbicxpo. 

OxcyxcxBHe CBasen nepBoro po^a npnBo^nx k xoMy, nxo raMHjibxoHHanbi 
PTF, B nacxnocxH, renepaxopbi rpynnbi FlyanKape, b oxjinnne ox raMHjib- 
xonnanoB OTO, ne cbo^hxch k noBepxnocxnbiM nnxerpajiaM na pemennax 
ypaBnennn ^BnjKenna. TaKnM o6pa30M, b paMKax PTF onpe^ejiena njiox- 
nocxb sneprnn-nMnyjibca n ^pyrnx nnxerpajioB /i;Bn>Kenn5i. 
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BonpocM KaHOHHHecKoro KBaHXOBaHHH MM Ha^eeMca paccMoxpeTb b cjie- 
flyiomnx pa6oTax. 
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